Introduction
The design and assembly of coordination architectures incorporating 4,2':6',4''-terpyridine (4,2':6',4''-tpy, Scheme 1) ligands is a mature strategy in crystal engineering. The introduction of coordinatively non-innocent domains such as pyridyl 6 or carboxylate 7 moieties is a proven approach to increasing the dimensionality of 4,2':6',4''-tpy-based coordination assemblies. Another approach to increasing architectural complexity is the use of ditopic ligands comprising two 4,2':6',4''-tpy domains connected by a spacer (Scheme 1). Ligands in this class are also of interest as optoelectronic materials 8 and for the assembly of supramolecular organic frameworks for CO 2 adsorption. 9 The coordination chemistry of ditopic bis(4,2':6',4''-tpy) and isomeric bis(3,2':6',3''-tpy) ligands remains relatively unexplored. When the spacer (Scheme 1) is a 1,1'-ferrocenyl unit, its preference for a cisoid-conformation leads to the bis(4,2':6',4''-tpy) ligand adopting a folded conformation and reaction with ZnCl 2 produces a double-stranded 1D-coordination polymer. 10 With the exception of this example, ditopic bis(4,2':6',4''-tpy) ligands typically contain a 1,4-C 6 H 4 spacer which predisposes the ligand towards functioning as a 4-connecting node, either as a planar or approximately tetrahedral node (Scheme 2). Additional structural variation may be achieved through a different substitution pattern in the aryl spacer, 11 or by replacing the 4,2':6',4''-tpy by 3,2':6',3''-tpy metal-binding units. 12 We are currently exploring a series of ditopic bis(4,2':6',4''-tpy) and bis(3,2':6',3''-tpy) ligands with different alkoxy substituents attached to the central spacer. We have shown that reaction of 1 (Scheme 3) with Co(NCS) 2 leads to a 3D {4 2. 8 4 } lvt net. 12 This assembly depends upon both the metal and ligand acting as 4-connecting nodes (planar and approximately tetrahedral, respectively). In contrast, combining 2 (Scheme 3) with ZnCl 2 or ZnBr 2 leads to 2D-sheets in which the ligands are the unique nodes. 13, 14 While the (4, 4) are threaded within the interpenetrated sheets. We have previously suggested that the long chains may assist in directing the assembly process. 13 We have now extended the 
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dialkoxybenzenes, the latter first being prepared from hydroquinone. 15 However, we found it more convenient to start with the commercially available 2,5-dibromohydroquinone. Reaction of 4a, 5a or 6a with n BuLi followed by DMF (see Scheme 4) yielded dialdehydes 4b, 5b or 6b. The intermediates were characterized by NMR spectroscopy (assigned using 2D methods) and GC-EI mass spectrometry, before being converted to the bis(4,2':6',4''-tpy) ligands 4-6 using a one-pot Hanan-type 5 synthesis. A MeOH solution of ZnCl 2 was layered over a CHCl 3 solution of 4 or 5 and after one to two weeks, X-ray quality crystals were harvested. Ligand 4 acts as a 4-connecting node, generating a uninodal (4,4) net with the zinc(II) centres functioning only as linkers. Fig. 2a illustrates that each metallomacrocycle in the net is defined by two 4,2':6',4''-tpy domains from different ligands (coloured orange in Fig. 2a) and two 'half-ligands' (shown in blue in Fig. 2a) . The non-planarity of the macrocyclic units leads to a net with a corrugated topology. The (4,4) . 2MeOH] n (Fig. 2c) . The profile ( Fig. 2b and 2c) Fig. 3 . We have previously shown that shortening the tails (i.e. going from n octoxy to methoxy functionalization) causes the profile of the corrugated sheet to change. 14 Although a (4,4) net is retained, the profile flattens, switching off the 2D→2D parallel interpenetration. (5) . 2MeOH] n , the alkoxy chain lies over two pyridine rings of a 4,2':6',4''-tpy unit (Fig. 4) , giving rise to short CH...π contacts. 24 The closest CH. 13 with the closest CH...π contact being 2.95 Å (Fig. S7 †) . The X-ray powder diffraction pattern of the bulk sample of [Zn 2 Cl 4 (5) . 2MeOH] n (Fig. S1 †) gave a reasonable fit with that predicted from the single crystal structure data. Shifts between observed and predicted peaks are expected since the powder and single crystal measurements were carried out at room temperature and 123 K, respectively. Crystals of [Zn 2 Cl 4 (4)] n readily lost solvent and this, combined with the use of SQUEEZE for [Zn 2 Cl 4 (4)] n , resulted in a poor fit between the bulk sample powder diffraction pattern and that predicted from the single crystal structure. . 2MeOH]n, respectively.
Introduction of a terminal phenyl functionality
The consistency of structural architecture obtained for alkoxy tails containing between six and ten carbon atoms led us to consider the effects of introducing a structural unit to switch the assembly process. We have already shown that loss of long alkoxy functionalities results in retention of a (4,4) network but loss of 2D→2D parallel interpenetration. 14 (Fig. S6 †) . (5) . 2MeOH] n , the 6 . Overlay of the repeat units with symmetry generated atoms of [Zn2Cl4(4)]n (in red) and [Zn2Br4 (6) . H2O]n (in green). . The R-3 symmetry leads to hexagonal channels which follow the crystallographic c-axis (Fig. 8 and S8 †) . As Fig. 8a shows, the pendant phenyl rings are directed into the channels and each ring is oriented to face a 4,2':6',4''-tpy in the adjacent net. The distance between the centroid of the phenyl ring with C22 and the least squares plane through the two pyridine rings containing N2 vi and N3 vi (symmetry code vi = aromatic units is too far offset for the interaction to be classed as a typical face-to-face π-stacking contact. 28, 29 Nonetheless, the interactions around the walls of the hexagonal channels serve to lock the interpenetrated nets in close proximity to one another, leaving large voids in the lattice. The solvent accessible void space in the lattice represents ~65% of the total volume 21 (Fig. 8b) . The close association of two interpenetrated nbo nets leading to large, unobstructed channels has also been described by Hawes et al., 30 and Chun and coworkers 31 in related structures that crystallize in the R-3 space group. Both these assemblies are predicated upon copper(II) 4-connecting nodes and organic linkers. In the first example, 30 the nbo nets associate through NH...O hydrogen bonded interactions. In the second, 31 non-coordinated N-donors of pyrimidine-5-carboxylate linkers in one nbo net weakly bind to square planar copper(II) nodes in the second net. Interestingly, attempts to produce a corresponding assembly by replacing pyrimidine-5-carboxylate by pyridine-3-carboxylate linkers (thereby removing the additional N-donors) were unsuccessful. 31 This lends support to our premise that the peripheral phenyl groups in 6 play a role in stabilizing the interpenetrated 3D architecture in [Zn 2 Br 4 (6 representation of the interpenetrated nbo nets in [Zn2Br4 (6) . H2O]n. ).
Conclusions
We have described the synthesis and characterization of three ditopic bis(4,2':6',4''-tpy) ligands, 4-6. group and the structure comprises 2-fold interpenetrating nbo nets. Again, the 4-connecting nodes are the bis(4,2':6',4''-tpy) ligands, contrasting with related structures in which the 4-connecting nodes are metal centres. 30, 31, 32 The pendant phenyl rings in 6 lie over the 4,2':6',4''-tpy domains in an adjacent net and these contacts result in tight interlocking of the interpenetrated nets. As a consequence of this, the lattice contains hexagonal channels which follow the crystallographic c-axis. We are now exploring the consequences of adapting the terminal functionality, in an effort to better understand 33, 34 the factors that direct the interpenetration of the 3D-nets.
